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Abstract We isolated a human muscle type of carnitine 
palmitoyltransferase I (CPTI-M) genomic clone and determined 
its entire nucleotide sequence. By comparison of the nucleotide 
sequence of the genomic clone with that of cDNA, we determined 
the intron/exon junctions. For detection of the exon(s) in the 5'-
region of the CPTI-M gene, we isolated cDNA clones 
corresponding to the 5'-region of its transcript by 5'-rapid 
amplification of cDNA ends (5'-RACE method). Results showed 
two alternative exons, 1A and IB, that do not encode amino acids 
in the 5'-region of the human CPTI-M gene. The gene encoding 
human CPTI-M was found to consist of two 5'-non-coding 
exons, 18 coding exons and one 3'-non-coding exon spanning 
approximately 10 kbp. Furthermore, on analysis of the 5'-
flanking region, a putative gene encoding a 'choline kinase 
homologue' was found to be located only about 300 bp upstream 
from exon 1A of the human CPTI-M gene. Comparison of the 
gene structure of human CPTI-M with the reported partial gene 
structure of human liver type CPTI (CPTI-L) showed that the 
intron insertion sites were completely conserved in these two 
genes. 
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1. Introduction 

For mitochondrial ß-oxidation of long-chain fatty acids, 
fatty acids must be transported into the matrix space of mi-
tochondria. Before entering the mitochondria, they are metab-
olized to long-chain acyl-CoAs, but they are not able to pen-
etrate into the mitochondrial matrix space across the inner 
membrane. For their transport , acyl-CoA is converted to 
acyl-carnitine by carnitine palmitoyltransferase I (CPTI). 
Acyl-carnitine transported into the mitochondrial matrix 
space via the carnitine carrier is reconverted to acyl-CoA by 
carnitine palmitoyltransferase II (CPTII), and functions in ß-
oxidation (for reviews, see refs. [1-3]). The activity of CPTI is 
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strictly regulated by a substrate for fatty acid synthesis, ma-
lonyl-CoA. Therefore, CPTI is regarded as the first rate-limit-
ing enzyme in fatty acid ß-oxidation [1-3]. 

To date, two isoforms of CPTI, liver-type CPTI (CPTI-L) 
and muscle-type CPTI (CPTI-M) have been identified. CPTI-
L is expressed mainly in the liver, kidney and fibroblasts, and 
to a lesser extent in the heart. CPTI-M is expressed extensively 
in skeletal muscle, heart and brown adipose tissue. Recently, 
c D N A clones encoding CPTI-L [4,5] and CPTI -M [6,7] were 
isolated from rat and human tissues and their nucleotide se-
quences were determined. However, no genes encoding CPTI 
isoforms have yet been isolated and characterized except for a 
part of the human CPTI-L gene [5]. 

Fat ty acids are a major source of bioenergy for heart, skel-
etal muscle and brown adipose tissue, in which CPTI-M is 
abundantly expressed. Accordingly, the role of CPTI-M in 
these tissues is of great importance. However, as the structure 
of the gene encoding CPTI-M has not been determined, the 
mechanism of regulation of CPTI-M expression is not yet 
understood. This paper deals with the structural characteris-
tics of the gene encoding human CPTI-M. 

2. Materials and methods 

2.1. Materials and general procedures 
A genomic DNA library of human placenta and poly(A)~ RNAs of 

human tissues were obtained from Clontech (Palo Alto). Reverse tran-
scriptase and terminal deoxynucleotidyl transferase were from Gibco 
BRL (Gaithersburg), and Taq DNA polymerase was from Takara 
Shuzo (Kyoto). All other reagents and enzymes were obtained as 
described previously [6]. Recombinant experiments were carried out 
according to the standard method of Sambrook et al. [8]. 

2.2. Isolation and nucleotide sequencing of genomic DNA of human 
CPTI-M 

The genomic clone HG11 encoding human CPTI-M was isolated 
from a genomic DNA library of human placenta as reported previ-
ously [7]. The inserted DNA of HG11 was digested with restriction 
endonucleases and subcloned into plasmid vectors. The nucleotide 
sequence of human CPTI-M was determined by the chain-termination 
method using [a-32P]dCTP or fluorescent primers. In the latter case, 
the nucleotide sequence was analyzed in an ALF™ DNA sequencer 
(Pharmacia). 

2.3. Isolation of cDNA clones including the 5'-region by 5'-RACE 
The 5'-region of the cDNA of human CPTI-M was isolated by 5'-

RACE [9] based on the nucleotide sequence of cDNA encoding CPTI-
M [7]. For this, we prepared synthetic primers of GSP1 (5'-
TGGTCAAGTTGCTGGTCTTG, position 429^148, antisense), 
GSP2 (5'-TTGCTGGTCTTGCCATGC, position 423^40, anti-
sense), GSP3 (5'-GAGGATCCTGCATCTCAAACATCCACC, posi-
tion 407^125, antisense, with addition of a BamRI site at the 5'-ter-
minus), T17Adp (5'-GAGTCGACTCGAGAATTCT17) and Adp (5'-
GAGTCGACTCGAGAATTC). The positions of these primers are 
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according to Ref. [7]. Poly(A)+ RNAs of human heart and skeletal 
muscle were reverse-transcribed using GSP1, and poly(dA) was added 
to the 3'-end of the synthesized first-strand cDNA using terminal 
deoxynucleotidyl transferase. The first PCR was carried out using 
this cDNA as a template and GSP2 and T^Adp as primers. The 
second PCR was carried out using the primers GSP3 and Adp. Var-
ious cDNA fragments amplified by PCR were pooled and ligated to a 
plasmid vector, and the plasmids obtained were transformed into E. 
coli. The positive recombinants detected by Southern analysis with use 
of a cDNA probe of human CPTI-M were isolated and their nucleo-
tide sequences were determined. 

2.4. Northern blotting using 5'-upstream regions of the human CPTI-M 
gene 

The possible existence of an exon(s) in the 5'-upstream region was 
examined by Northern analysis with genomic DNA fragments ob-
tained by digestion with appropriate endonucleases. Samples of 0.5 
(xg of human heart and skeletal muscle poly(A)+ RNAs were sub-
jected to denatured agarose gel electrophoresis and transferred to 
nitrocellulose membranes. 

3. Results and discussion 

Previously, we isolated the genomic clone HG11 containing 
the human CPTI-M gene from a genomic library of human 
placenta [7]. In this study, we first examined whether HG11 
contains the entire gene encoding CPTI-M. Southern blot 
analysis with cDNA probes of several parts of human 
CPTI-M showed that HG11 seemed to include the entire 
gene (data not shown). Then, for determination of the struc-
ture of the gene encoding human CPTI-M, the inserted DNA 
of the HG11 was digested with several restriction endonu-
cleases, the DNA fragments obtained were subcloned into 
plasmid vectors, and the nucleotide sequences of these plas-
mids were determined. Fig. 1 shows the nucleotide sequence 
of the human CPTI-M gene and its 5'- and 3'-flanking re-
gions. We found several misinterpreted nucleotides in the nu-
cleotide sequence of human CPT-M cDNA reported by us 
previously [7], which are shown in bold face in Fig. 1 (for 
details, see legend of Fig. 1). 

Previously, we isolated cDNA clones encoding human 
CPTI-M from a cDNA library of human heart. However, 
on comparison of the nucleotide sequence of human CPTI-
M with that of rat CPTI-M cDNA [6], we found that the 
isolated human CPTI-M cDNA clones were devoid of the 
5'-region of the open reading frame. Therefore, we determined 
the nucleotide sequence of the 5'-region of CPTI-M cDNA 
from the nucleotide sequence of the human genomic clone 
HG11 taking into consideration the molecular size of human 
CPTI-M and the amino acid sequence of rat CPTI-M [7]. 

In this study, we carried out 5'-RACE to determine the 
exact nucleotide sequence of the 5'-region of the cDNA en-
coding human CPTI-M. The nucleotide sequence of the 
cDNA fragments obtained by 5'-RACE was compared with 

that of the corresponding region of the human CPTI-M gene. 
The results showed two exons in the 5'-upstream region of the 
translation initiation codon, which we refer to as 'exon 1A' 
and 'exon IB'. In exon 1A, we found an additional 'ATG' 
both in the genomic DNA and 5'-RACE clone of human 
CPTI-M. However, according to the Kozak rule [10], the nu-
cleotide sequence surrounding the 'ATG' should be A/ 
GXXATGG for efficient translation initiation in mammals. 
This consensus sequence was not observed in the region con-
taining the 'ATG' sequence in exon 1A, but the surrounding 
sequence of the 'ATG' in the 2nd exon, which was regarded as 
a translation initiation codon [7], conforms to the Kozak rule. 
Therefore, we concluded that exons 1A and IB are non-cod-
ing exons, and only the 'ATG' in the 2nd exon is used as a 
translation initiation codon. 

We obtained two species of 5'-RACE products containing 
either exon 1A or exon IB, but never a product containing 
both 1A and IB. Therefore, we concluded that these two non-
coding exons are transcribed in an alternative manner. There 
should be two possibilities for the alternative existence of 
exons 1A and IB in 5'-RACE products: (1) the two exons 
are transcribed by different promoters or (2) they are spliced 
alternatively after initiation of transcription from an uniden-
tified exon(s) located in a further upstream region. For deter-
mination of which mechanism is effective, the transcription 
initiation site should be determined. However, exact determi-
nation of this transcription initiation site is difficult by the 5-
RACE. 

Therefore, to characterize the 5'-flanking region of this 
gene, we carried out homology search analysis of the nucleo-
tide sequence of this region using the BLAST program [11]. 
The results showed that the nucleotide sequences of two 
cDNA clones registered with accession numbers T07548 and 
T30127 were the same as those of the corresponding region of 
the upstream of exon 1A of the human CPTI-M gene. These 
two human cDNA clones are registered as the cDNA encod-
ing a 'human choline kinase like protein', although no func-
tional characterization of these cDNA clones has been per-
formed. By comparison of the nucleotide sequence of the 
registered cDNA clones with that of the 5'-upstream region 
of the human CPTI-M gene, we determined putative intron/ 
exon junctions of the gene encoding this 'human choline kin-
ase like protein' to be as shown in Fig. 1. Interestingly the 3'-
end of the gene encoding the 'choline kinase like protein' is 
located only 314 bases from exon 1A of the CPTI-M gene. 

We next carried out primer extension to determine the tran-
scription initiation site. However, we did not obtain the ap-
propriate reverse-transcribed products, possibly because the 
transcript took a secondary structure. We then examined the 
possible existence of a further exon(s) in the 5'-flanking region 
by Northern blotting using various genomic DNA fragments 

Fig. 1. Nucleotide sequence of the human CPTI-M gene and its flanking regions. The adenine base in the translation start codon of human 
CPTI-M is numbered as +1 and the numbers of the nucleotides are shown in the right margin. Nucleotides in the exon and intron are shown 
by upper and lower case letters, respectively. Exons of the CPTI-M gene are numbered in the left margin. The deduced amino acid sequence is 
shown by the one-letter abbreviation code under the nucleotides in the exon. The sequence 'AATAAA' shown in italics represents a putative 
poly(A)+ additional signal. The revised nucleotide and amino acid sequences of human CPTI-M, which were misinterpreted in our previous re-
port [7], are shown in bold face. The nucleotides between —54 and —20, shown in bold lower case letters, are those we reported previously [7] 
as constituents of cDNA. The revised sequence was registered with the accession number D87812. The nucleotides in the exons identified by 5'-
RACE are shown in bold upper case letters in the upstream of the translation start codon. The gene encoding a 'choline kinase like protein' 
was located in the upstream region from —1060, and the nucleotides in its exons and poly(A)+ additional signal are shown in upper case and 
italic letters, respectively. The structural gene encoding human CPTI-M is from —745 to 9046. 
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as probes: those containing an upstream region of exon 1A to tein' (HH1100). As shown in Fig. 2, a hybridization band was 
the 3'-end of the 'choline kinase like protein' (HP160, PP120 observed when the transcript was hybridized with probes con-
and HP280), exon 1A (PS250), exon IB (SS280), and a down- taining exon 1A and/or IB, but not with probes containing 
stream region from the 3'-end of the 'choline kinase like pro- upstream regions of exon 1A, showing that there was no exon 

A 
ggatccaagcagtgotagacatgctcttgaatgcccctccttttcctgccctccccccagGTATGCTCTGGCATCCCATTTCTTCTGGG -1561 

GTCTGTGGTCCATCCTCCAGGCATCCATGTCCACCATAGAATTTGGTTACTTGgtaagtgaccctggggatgggaatgctagctggggggctggggagcagcagcagccacactcttcca -1441 

ggaggcctggggagtcccgggtggctgtgggcagctgaggtggatgtagaatgctggtcccacgtcttctcaccactgtgtgggtgggtttccttccctagGACTATGCCCAGTCTCGGT -1321 

TCCAGTTCTACTTCCAGCAGAAGGGGCAGCTGACCAGTGTCCACTCCTCATCCTGACTCCACCCTCCCACTCCTTGGATTTCTCCTGGAGCCTCCAGGGCAGGACCTTGGAGGGAGGAAC -1201 

AACGAGCAGAAGGCCCTGGCGACTGGGCTGAGCCCCCAAGTGAAACTGAGGTTCAGGAGACCGGCCTGTTCCTGAGTTTGAGTAGGTCCCCATGGCTGGCAGGCCAGAGCCCCGTGCTGT -1081 

GTATGTAACAC/M7X/MCAAG -1060 

cttcttcttcccaccctgtcctggccctgctgagcagcagcagaaagtaccaaaccgagcagtacacacaaagggactcttcagtgctctgggattgaa -961 

agtggttagcgttcatgctgccagttggggtcccccatccctccccagtcccctggctgcagcttagaataataaatactaggacttggggaggaggagagtgatgggggtatgaagacg -841 

1A accctgaggtggggatgccgcccggagcaccagcgatoccagaacaggcagcagctgacacatcggtgaccttttccctacatttggctatttttAGCTCTAATGCCACCATCCTCACGA -721 

GACTCTGGGGCCCCCCAGGCTCCCAGACCTTTGAGCAACCTTCACCQCACAGAAACCCAGCCGCGCCCTGCAATTCCCACCGCGGAAGgtgggtgggttctggttctcgccccacgtttt -601 

1B tccccgaccccgatttgggagtaggtgtcaggttcctggtgagggcggggcgggggtggctaggcctgaaggacgtggGGACACGGGCCAGAGTGGCTGGCCCCACGCACGGACAGGAGT -481 

GAACCCGAGCTgtgagtaggggccggcacagggcggcccgcgggggtctgggccctcagccctgcacaggggcgaggacggcgctggggcccgcgcgctcgggtggggaagggcgggctc -361 

ccgaaccctgcctctgtccaggccggctccacttccaggggcgcctctctcccctgcccgcgccctcgctgacgccccccaactccaggctgcccttcgccgtccttggggctcctggag -241 

ctttcaaggcccaaatcccctgcaccacagtggctgtgoccaocoggaaggctggcgcgaggatttggcggcggttggcctggcggggggcgcgggccgggggcagocgctagtogcggg -121 

2 gtggggggcgcgaggggtcgcggactggctgggggcgtctcggogcggctggcggcggggccggcctaacgcgcccgcgcâcccatctgcccccjtcctagGTGCCGACCAACCCCCAGG -1 

ATGGCGGAAGCTCACCAGGCCGTGGCCTTCCAGTTCACGGTGACCCCAGACGGGGTCGACTTCCGGCTCAGTCGGGAGGCCCTGAAACACGTCTACCTGTCTGGGATCAACTCCTGGAAG 120 
M A E A H O A V A F Q F T V T P D G V D F R L S R E A L K H V Y L S G I N S W K 

AAACGCCTGATCCGCATCAAGgtgcgcacaggtgcttctcccagagcgtaggcagaggccggctgtcagctgttaagcgctttgttagggtccctcactgcctccttggctggcacttct 240 
K R L I R I K 

gcccggtacaggttgtggaagtacagacaccagaggggtgcacaggatgtggtcggacacagggagctgtgggtgtggcggaggaaggagcacagcagggcatcaggagagaaagccttc 360 

3 caggccaagaccaggagccagttcccaagacttcacaggcaggctaacctcccgccttccggctccataagggcgcctgtttctgcccacagAATGGCATCCTCAGGGGCGTGTACCCTG 480 
N G I L R G V Y P G 

GCAGCCCCACCAGCTGGCTGGTCGTCATCATGGCAACAGTGGGTTCCTCCTTCTGCAACGTGGACATCTCCTTGGGGCTGGTCAGTTGCATCCAGAGATGCCTCCCTCAGGGgtaaggag 600 
S P T S W L V V I M A T V G S S F C N V D I S L G L V S C I Q R C L P Q G 

tgaaactggaagggcacaggtgccaccagggagggctgggcccagctcccaaggctgaggttcctgagctgggcagatacaggacagcagccattggcagtcacggggcagccctcccct 720 

atgacaaccattgtcttagccctacatccgctcatttgatgcagtcagacatgagtgtgcccagggaggttcttccccttggtgtctcccctgagacagttcacagccacccgaggctgg 840 

4 cctcaagaggaccccctgcagcctttgcccctctccaatagGTGTGGCCCCTACCAGACCCCGCAGACCCGGGCACTTCTCAGCATGGCCATCTTCTCCACGGGCGTCTGGGTGACGGGC 960 
C G P Y O T P Q T R A L L S M A I F S T G V W V T G 

ATCTTCTTCTTCCGCCAAACCCTGAAGCTGCTTCTCTGCTACCATGGGTGGATGTTTGAGATGCATGGCAAGACCAGCAACTTGACCAGGATCTGGGCTgtgagcagcagcoagtggagg 1080 
I F F F R Q T L K L L L C Y H G W M F E M H G K T S N L T R I W A 

ggttcaggcacctgggttgagactctttggactcctttggggttctgagctagaggggagaggcagacagggcactggtgcctggtgtgtggtttgtcctggaggggctgggatggctct 1200 

5 gagggtctcagggagttgctggttggtttccattttttcoactggctcccaccccagcactctgctctgtacoocoagATGTGTATCCGCCTTCTATCCAGCCGGCACCCTATGCTCTAC 1320 
M C I R L L S S R H P M L Y 

AGCTTCCAGACATCTCTGCCCAAGCTTCCTGTGCCCAGGGTGTCAGCCACAATTCAGCGGgtgagggcctcgcttgggcatcccagtgggcaggggaggttggattcaggagatgtttcc 1440 
S F Q T S L P K L P V P R V S A T I Q R 

aaatataaggttctgtgcaaagagtggccttaagggcttgagaataatggggctgggtgaggagggagaggtgggaagaggattaagatagaggcagcccttgccatctggccccacggt 1560 

6 gatgataactggctggacagTACCTAGAGTCTGTGCGCCCCTTGTTGGATGATGAGGAATATTACCGCATGGAGTTGCTGGCCAAAGAATTCCAGGACAAGACTGCCCCCAGGCTGCAGA 1680 
Y L E S V R P L L D D E E Y Y R M E L L A K E F Q D K T A P R L Q K 

AATACCTGGTGCTCAAGTCATGGTGGGCAAGTAACTATgtaagttcctgcccctgggctcactgtcacctgccatgtgtcctggctgcacccgccccagctctaacottccacctcccca 1800 
Y L V L I X O I I V I A O N T 

7 cagGTGAGTGACTGGTGGGAAGAGTACATCTACCTTCGAGGCAGGAGCCCTCTCATGGTGAACAGCAACTATTATGTCATGgtatgaactagagcccccaggtccgcgcacgtgctcagc 1920 
V S D W W E E Y I Y L R G R S P L M V N S N Y Y V M 

tctgtcccagctccaaggcaagggatctggaggacagcccagagctctagtagcagcttccgtgggcaagtgggggttatggagtgaggcctgagggaaagggaagagagagaggagatc 2040 

ctagaagagtccagaagcagcttagggcaatggggatcctaaggatgaggagagtggagaccgccagcctgccaccgcttctcagagtcccggggtcactgcccctgcccagctcgggct 2160 

ctgtcacctctttccttggtttcctcactggcctcctggcatgggttcccagctgtcctgacaccataaccagggaattgtctagaacgtgtcttgctttgtgtccctctgcagagccgg 2280 

acagcagaatggaggccaggctgctgcttttagagctcaggaagtcagtctgcctctgccccatgtaactggcccttctgagtctctgggtctccoagocaoctgggotgtatggcatgc 2400 

ctcttctctcctttcccacggtccaaagcacacttgacttgccagagcctactggaattctcctccataagctgtccttccaggaacttacacacaacttgcccatagcagaggttttaa 2520 

actgctttttagtggtagaacccctttatcaaagcaaaagaagtagaatataagcacataaaatagcttataaaaaggcagctcgggccgggtgcagtggotoaogoctgtaatcccagc 2640 

actttgggaggccgaggcaggtggatcacaaggtcaggagatcgagagoatoctaacacggtgaaaccccgtctctaccaaaaatacaaaaaattagccgggcgtggtggtgggcgtctg 2760 

tagtcccagctactcgggaggctgaggcaggcaaatggcgtgaacccgggaggtggagcttgaaatgagccgagatcgcaccactgcactccagcctgggtgacaagagcgagactctat 2880 

ctcagaaaaataaataaataaaaatttaaaaataaaaataaataaacaaataaaaaggaagctcagagccaggcgtggtggtgcatgactctaatccotgcaaotcaggaggctgcagca 3000 

ggaggatcacttagggcgagtaatttgaggctgcagtgagccatgcttgttccgctgcactccagcctgggogaoagagcaagaccctaactctaaaaaataaagaataaagcagctcag 3120 

gctgaagctggagcagagggttactgcgatoagttgtgoatttctggaggttcaccccggcagcatgtgcaggatgtactggaagaggggagacagaacacctcaggcccccgaatagat 3240 

8 tggtccttgggtcagcaagactcaggtgacacccagacagaggcccccaccccgcgggctctgttcctctgtagGACCTTGTGCTCATCAAGAATACAGACGTGCAGGCAGCCCGCCTGG 3360 
D L V L I K N T D V Q A A R L G 

GAAACATCATCCACGCCATGATCATGTATCGCCGTAAACTGGACCGTGAAGAAATCAAGCCTgtgagttgcgtcagggttgaaggtgggatgggaggggagacctgagtctgagccatgc 3480 
N I I H A M 1 M Y R R K L D R E E I K P 

9 tgggccttccctcagGTGATGGCACTGGGCATAGTGCCTATGTGCTCCTACCAGATGGAGAGGATGTTCAACACCACTCGGATCCCGGGCAAGGACACAGgtaactgagccccctcgctg 3600 

V M A L G I V P M C S Y Q M E R M F N T T R I P G K D T D 

ctacctgtgggccatctggctggctcgctgccctcctgcctgctcatcaccaagcgtccccagtgtctcagggtcctgaaactgtgaacagtagtcaattgtgacagatactagacatcc 3720 

attgtttacaggcatgatgctggcgcagggacocoacagggcccagagcagagcccctcccctccgggctcactgcgcatggtgaagggagtcctgctgcagcccaaagcttaggacaga 3840 

cccggcgctgccatggagccggoagaggaggggaggggcgcacccaggggtctggcagaggcagcagocttccctgcttotgacactgtatccttaggcggtttgcacaaccctctagtg 3960 

cgtcgtttcotottotgtgaaatactttataggattgttggtgttgcgtgagagagagtggaagcacccagcacagggcctggtttaggacacacggatcccatccagggggcaggaagg 4080 
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B 
10 cccaggcagaggccgagcaaaacagggtc tgcaggggtcacctagtgoatgggaggtgggccct tcccaggatgtagctgggggccccgcctcagct tgcccgtggcctg ta tcacagAT 4200 

GTGCTACAGCACCTCTCAGACAGCCGGCACGTGGCTGTCTACCACAAGGGACGCTTCTTCAAGCTGTGGCTCTATGAGGGCGCCCGTCTGCTCAAGCCTCAGGATCTGGAGATGCAGTTC 4320 
V L Q H L S D S R H V A V Y H K G R F F K L W L Y E G A R L L K P Q D L E M Q F 

CAGAGGATCCTGGACGACCCCTCCCCACCTCAGCCTGGGGAGGAGAAGCTGGCAGCCCTCACTGCAGGAGGAAGgtattggcctctgggaagggaotgtccccaccotgagttcagggct 4440 
Q R I L D D P S P P Q P G E E K L A A L T A G G R 

ccgtgaggagaaggagcgtggccctgcctgccaccctggaactggaggctggaggcacaactaggggaggggcattggtggtcatggcagcaggacagccagcataacctacctctgacg 4560 

ggtggcagccaggtgaagtgtgcagagggtggggacacctccaaaatagcttggcaccccccacctccaggcccagcctggcacacacaccccacctccaggcgcacgcaacggcacccc 4680 

aacacctccaggcccagcctgcacccccacatctccaggtccagcgtggtaoccccatctccaggtccagcctggcaccccacccccatctccaggtccagccaggccctcagaggcacc 4800 

11 ctoatcccaagtccacgtgcccactgcttaccctgccccatgcttoagGGTGGAGTGGGCGCAGGCACGCCAGGCCTTCTTTAGCTCTGGAAAGAATAAGGCTGCCTTGGAGGCCATCGA 4920 

GCGTGCCGCTTTCTTCGTGGCCCTGGATGAGGAATCCTACTCCTATGACCCCGAAGATGAGGCCAGCCTCAGCCTCTATGGCAAGGCCCTGCTACATGGCAACTGCTACAACAGgtacgg 5040 
R A A F F V A L D E E S Y S Y D P E D E A S L S L Y G K A L L H G N C Y N R 

cagccccagccccacaggttacagcttaaggttaaaagttagggttatggttagaggattaaagataaaagaaggtagggttatgagctgggtgcagtggcacacacctgtgatcctagc 5160 

actttgggggccaaggcaggtggatcacttgagtgcaggagctcaagaccagcctgggcaacggagcgagaccccttcataaaagtagttaggattgtgattagtggttgggtagggcta 5280 

gtggctagggttaaaagctagggtttgggttatagaatagggttaaaagccgggcatggtggcaggcacctgtaatcccagctagtcggaaggctgacgcaggagaagcccttgaacccg 5400 

ggaggttatgggaagctaagatcacaccactgcactccagcctgggcaacagagcaagattccatctcaatttaaaaaaaaagtgagagaaaaagagagagagaatagggttagtaatta 5520 

12 gggttaaaggttggggttgcaggtcaggctcctctggacattcccagctttggttcttcatgtgtctactcttcctgcagGTGGTTTGACAAATCCTTCACTCTCATTTCCTTCAAGAAT 5640 
W F D K S F T L I S F K N 

GGCCAGTTGGGTCTCAATGCAGAGCATGCGTGGGCAGATGCTCCCATCATTGGGCACCTCTGGGAGgtaatagccttgcagagggaacctgcagggcaggctgtagggggatgaggccag 5760 
G Q L G L N A E H A W A D A P I I G H L W E 

13 cctctcagtctcatcctctccctgcagTTTGTCCTGGGCACAGACAGCTTCCACCTGGGCTACACGGAGACCGGGCACTGCCTGGGCAAACCGAACCCTGCGCTCGCACCTCCTACACGG 5880 
F V L G T D S F H L G Y T E T G H C L G K P N P A L A P P T R 

CTGCAGTGGGACATTCCAAAACAGgtgggttggaagctcccagagoaggtgtgagaccacaaagcagcaggtgggtacagccccgacgaggcctgagcctcctcctcccctgctggcctc 6000 
L U W U I r l\ 0 

actgcctggcccagccctcgggaaggcacagggcacgtctcaggatacctgtagagtccaaactggcttcagggaggacagagaccacccaccgcccctggggccatctgtgtttagaga 6120 

cagccatgagatggaggaggcactoacaggccoctggagoattttcagcacttccctcttacccacaaagctgagcccggcctctgggggctgattctccctcagactgtcttttgcgta 6240 

ccctcctcctgaagatgtcttggccggctgtgccctttctccaccaactaaacgtcatgcctcctagacatgacccagagtcctgcttggagagccctaccctcagctgacccttcccat 6360 

14 gtcttggcagTGCCAGGCGGTCATCGAGAGTTCCTACCAGGTGGCCAAGGCGTTGGCAGACGACGTGGAGTTGTACTGCTTCCAGTTCCTGCCCTTTGGCAAAGGCCTCATCAAGAAGTG 6480 
C Q A V I E S S Y Q V A K A L A D D V E L Y C F Q F L P F G K G L I K K C 

CCGGACCAGCCCTGATGCCTTTGTGCAGATCGCGCTGCAGCTGGCTCACTTCCGGgtaggagccccgcctcccgctgctgagagggcagggtggtacoagggtccacctgccagattcac 6600 
R T S P D A F V Q I A L Q L A H F R 

15 ccctctgtatatcccagGACAGGGGTAAGTTCTGCCTGACCTATGAGGCCTCAATGACCAGAATGTTCCGGGAGGGACGGACTGAGACTGTGCGTTCCTGTACCAGCGAGTCCACAGCCT 6720 
B R G K F C L T Y E A S M T R M F R E G R T E T V R S C T S E S T A F 

TTGTGCAGGCCATGATGGAGGGGTCCCACACAgtaagtgtcctctgcccatgtgggggtcacagtcgtcgggtgaggtgccccctctgcctcctgtctgcctggagggccagggctactc 6840 
V Q A M M E G S H T 

16 ttcacccctttacttctgccccgcagAAAGCAGACCTGCGAGATCTCTTCCAGAAGGCTGCTAAGAAGCACCAGAATATGTACCGCCTGGCCATGACCGGGGCAGGGATCGACAGGCACC 6960 
K A D L R D L F Q K A A K K H Q N M Y R L A M T G A G I D R H L 

TCTTCTGCCTTTACTTGGTCTCCAAGTACCTAGGAGTCAGCTCTCCTTTCCTTGCTGAGgtcagcaccgttgttgggtgtgtcctttgtcccactgccctcctacacgcagggcttgggc 7080 

catctcatgatggagcacggcctgttttcctggcttgctcccctgaagctccctggagtgctgggccagctttcccgcccacaccccacctgggcctgtggtcctgggactgagcaggag 7200 

caacatcctctttgtggtgttggtgtccttgtgacagggaacagacaaatatatgatctgtcaggtggtgacagcactactgagactagtgaggctatgtgggggagaggcagagcagag 7320 

ggagggctgggcagctcacacaagccttatgtggcatgatgcacaggggaccacggggtggtggccagggagctcctgcaccotcagcagaaccgtgtctggctcagagtaggtcgcagc 7440 

17 accacgtgttggacaggtgctttgggtatgtggcctctgaccagctgtggcctccattgcagGTGCTCTCGGAACCCTGGCGTCTCTCCACCAGCCAGATCCCCCAATCCCAGATCCGCA 7560 

TGTTCGACCCAGAGCAGCACCCCAATCACCTGGGCGCTGGAGGTGGCTTTGGCCCTgtgagtgotcctgaagggggtgggtgggcagcaccagggccctgagggtttcagtggcgagtgc 7680 
F D P E O H P N H L G A G G G F G P 

aggccctgaggtcagacgagaggcaggagcaccttgcttagaggagagcataaccccagacctgcatggaagcagaatgttagctatggactcaggcagccaagcacotgggacccacoo 7800 

atcccaaatacctccotgotgaagcatgaccgtggtttccggggtactgaagcatgactgtggggctggtttccagggtactgggcagtgcactgggtgcttctgaagtctacttatcca 7920 

agagagtgcagctgtctcccacagaaaccttcacatgggctagcttgtcagaaggctagagaaccctctggagagagacggagtgatctagagaataagccccctgagggaaactgggag 8040 

gtcccagatcccttggcggggtctgggcagcattctttggttttcacagtttcctgggggtggtcctcaggaaaaatgcagtgtctagggctggggcccgttcctgcaactcttgtggga 8160 

18 agaacaagtacaatatcagcttggctttcagatcttcaaggtttgatttatgoottcttoaoocttcttgttgccctcagGTAGCAGATGATGGCTATGGAGTTTCCTACATGATTGCAG 8280 

GCGAGAACACGATCTTCTTCCACATCTCCAGCAAGTTCTCAAGCTCAGAGACGgtgagtctcctgccacagctcaggcctgaggaaggggtgccacctggggctgcooaggaacacaggt 8400 
E N T I F F H I S S K F S S S E T 

19 gtctttggctggggaggcatccttgcttgtgggaacagaggggtgggtacatatctgaaggtgcatctgaactcttggctcccacagAACGCCCAGCGCTTTGGAAACCACATCCGCAAA 8520 
N A Q R F G N H I R K 

GCCCTGCTGGACATTGCTGATCTTTTCCAAGTTCCCAAGGCCTACAGCTGAAGgttggagaaatgccagctgccctttcgtcccacactgtggaggaagggacctgtggcagctcacagg 8640 
A L L D I A D L F Q V P K A Y S * 

catgaggggtggccgtgcacaggtgcccaggctcoaaggacagotccggoagoaggtcctcgctgggcagatgctgctccctgagggcccaggtggtggaggtggggttggagcaggaag 8760 

20 ggaattttgatttttttttttcttgatagatactaataaaaataaggctgtgtaattttctctcagCCCTTAGGTACCTGTGTTTTGTTTGGGAACTCGGAGBCCCTCCCCCTCCCCCAG 8880 

CTCAGACCACAGAGGTGGCAAGAGAAGGGCTGAAGCTGGAAGACTGTTCATGAGGGACTTGTGTGACCTGCTTTGAAATGTGTGACTCTGCTGAGTGACGTAGGCTCTGAGATAGCTGTC 9000 

CACGCCCACGTGTTTGCTTGG/1/ir/l/l/lTACTTGCCTCAGAACCTTCacctgttccctggggccatttctgtttgtctgtctgctggagagtgagcccacctcctcccatgcaggggcatg 9120 

tgtgaggcacccctcttggctgaggcacaaccctgcacgggccccgcagcttcttgtcagcatggaaaggggctgcaggccaggcctgaagtcttgaggcgccaggtggtoatgtctgca 9240 

agagggcacgcaggatgacctgtagcaacagacactccttcactgaggttggctcggctgctaaaatcatgttaagagtaaatacaaaataattattctttgtttttaaggcggagtttc 9360 

gctcttgttgcccaggctggagtgcagtggcacgatctogactcactacaacctctgcctcctgggttcaagcgattctcgtacctcagctcctgagtagctgggacaacaggcgcccgc 9480 

catcacgcccggctaattttttgtatttttagtagaggcagggttttaccatgttggccaggctgtctc 9549 

in the upstream region of exon 1A of the human CPTI-M cleotide —745) and ends at the 3'-end of exon 20 (nucleotide 
gene. Therefore, we concluded that the structural gene encod- 9046, see Fig. 1). 
ing human CPTI-M starts from the 5'-end of exon 1A (nu- Recently, a partial structure of the gene encoding human 
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Fig. 2. Northern blot analysis of transcripts using genomic DNA fragments as probes. A: Loci of restriction DNA fragments of the human 
CPTI-M gene used as probes. The top row indicates the 3'-part of the putative gene encoding a 'choline kinase like protein' and the following 
5'-region of the CPTI-M gene. Exons are shown by boxes. The probes were prepared by digestion of inserted DNA of HG11 with Hindlll and 
Pstl (HP160), Pstl and PvuII (PP120), Hindlll and Pvull (HP280), PvuII and StuI containing exon 1A (PS250), Stul and Styl containing exon 
IB (SS280), and Hindlll and Hindi containing exons 1A, IB and a part of exon 2 (HH1100). B: Results of Northern blotting. Samples of 0.5 
(xg of poly(A)+ RNAs of human heart and skeletal muscle were analyzed with the probes shown in (A). H and S show results with RNA sam-
ples of heart and skeletal muscle, respectively. 'cDNA' shows the result with a cDNA fragment of human CPTI-M [7] as a positive control. 

liver type CPTI (CPTI-L) was reported by Britton et al. [5]. 
We compared the gene structure of human CPTI-M with that 
of CPTI-L. As shown in Fig. 3, three intron insertion sites 
were found to be completely conserved in these CPTI iso-
forms. However, the size of the intron between the 6th and 
7th exons of human CPTI-M (85 bp) was markedly different 

from that of the corresponding intron of human CPTI-L (2.3 
kbp). For a more detailed comparison, the complete gene 
structure of human CPTI-L is necessary. On recent chromo-
somal assignment of human CPTI isoforms, these proteins 
were found to be encoded by genes located in separate posi-
tions [12]. Therefore, it is possible to speculate that the ances-

EX0N6 EX0N7 

human 
CPTI-M 

TACCTAGAG AGTAACTAT 
Y L E S N Y V S D . . .Y V M 

human 
CPTI-L 

TATCTACAG ACAAATTAC 
Y L Q T N Y 

~/h 

GTGAGCGAC. . . TATGCCATG 
V S D . . . Y A M 

Fig. 3. Comparison of the gene organizations of human CPTI-M and CPTI-L. Exons of the human CPTI-M and CPTI-L genes are shown by 
boxes, and the nucleotides located in the edges of exons and the deduced amino acids are shown according to Refs. [7] and [5], respectively. In-
tron insertion sites and sizes of exons are completely conserved, at least in the regions analyzed. 
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Fig. 4. Structural features of the human CPTI-M gene and its flanking regions. Non-coding and coding exons of the human CPTI-M gene are 
shown by hatched and closed boxes, respectively, and exons are numbered above the boxes. Two exons of the gene encoding a 'choline kinase 
like protein' observed in the flanking region of the human CPTI-M gene are shown by open boxes. 

tral gene of CPTI isoforms already containing introns was 
duplicated and inserted into different positions of the chro-
mosome, and that during development the detailed structures 
of the isoforms were altered to show different enzymatic ac-
tivities and tissue distributions. 

In this study we determined the structural features of the 
gene encoding human CPTI-M. We found that the structural 
gene of human CPTI-M started from the 5'-end of exon 1A, 
and that its transcription was initiated from either exon 1A or 
exon IB. Therefore, it consisted of two alternative 5'-non-
coding exons, 18 coding exons and a 3'-non-coding exon 
spanning about 10 kbp, as shown schematically in Fig. 4. In 
addition, a gene encoding a 'choline kinase like protein' was 
found to be located only about 300 bp upstream from the 5'-
end of exon 1A of the CPTI-M gene. As far as we know, such 
a close location of two different genes is very rare in the 
mammalian genome. The results of Northern blot analysis 
(Fig. 2) showed that both exons 1A and IB are used for the 
transcription of CPTI-M in heart and skeletal muscle. This 
was confirmed by exon 1A and IB specific RT-PCR (data not 
shown). Although tissue-dependent alternative use of these 
exons was not observed in the heart and skeletal muscle, it 
is possible that either of the promoters of these exons re-
sponds effectively to changes in physiological conditions. 
For a full understanding of the transcription mechanism, an 

exact determination of the transcription initiation site(s) and 
measurements of promoter activity are very important, and 
these studies are underway. 
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